To determine the incidence of finger amputation and replantation in North Carolina (NC) and to identify patterns of injury by race and immigration status.
T he foreign-born population in the United States (US) has dramatically increased over the past few decades, and makes up over 12.5% of the US population and 16% of the adult workforce. 1, 2 Immigrants are most frequently employed at manual labor positions in the most hazardous occupations including agriculture, construction, and transportation. 1, [3] [4] [5] Increasing evidence suggests that immigrants suffer disproportionate rates of occupational injuries and illnesses and suffer greater disability from occupational injuries than do nonimmigrant workers. [1] [2] [3] [4] Hispanics, who make up the largest foreign-born population, comprise 10.2% of the US workforce, but account for 17.1% of occupational injuries and illnesses. 3 A substantial burden of occupational injuries and illnesses affects workers, employers, and society, and results in approximately $170 billion of estimated direct and indirect costs annually. 6 -8 Hand and finger injuries account for more then 4.8 million visits per year to the emergency departments in the US. 9 Given that fingers are particularly vulnerable to injury, it is not surprising that finger amputation is the most common type of amputation injury in the upper extremity, which commonly occurs in the work setting in predominantly unskilled manual laborers. 7, 10, 11 Treatment of hand injuries aims at the best possible restoration of appearance and function as well as rapid social and professional rehabilitation. [12] [13] [14] [15] [16] A continuous controversy persists over the best treatment options for finger amputation injury. 14, 15, 17 Successful replantation of amputated digits may allow better appearance, better functional outcome, and minimal pain. 7, 10, 13, 14, 18 Replantation remains a challenging and expensive procedure associated with longer surgical time, longer hospitalization, longer time off work, and a risk of replantation failure requiring a secondary revision surgery. 10, [13] [14] [15] 17, 18 Amputation of severed digits is a quick and relatively simple operation that can often be performed in the outpatient setting, which minimizes expenses, rehabilitation time, and enables patients to return to work sooner. 11,12,15, Pain is one of the most common and significant complications following amputation closure. 15 The impact of socioeconomic status or race on the management of digital amputation is not well understood.
North Carolina (NC) had the fastest growing Hispanic population in the US during the 1990s. The number of Hispanics in NC increased from 76,726 in 1990 to 378,963 in 2000. 19 Despite the large and growing size of the Hispanic population, we know relatively little about the effects of cultural and social issues on work-related illnesses and injuries in this highly vulnerable group. The purpose of this study was to determine the incidence of finger amputation and replantation in NC and to identify patterns of injury by race and immigration status. We hypothesized that immigrants who have inadequate health insurance and do not speak English may be less likely to receive aggressive surgical treatment for a hand injury.
METHODS

Data and Case Identification
Finger amputation cases from 2004 and 2006 were identified from the NC hospital discharge database. We included all patients who were admitted with an ICD-9 code 885 or 886 (traumatic amputation of thumb, traumatic amputation of other fingers).
After patients had been identified, we generated stratified counts by age (0 -19, 20 -29, 30 -39, 40 -49, 50 -59, 60 -69, and 70ϩ years old), gender (male and female), and race (whites, blacks, Latinos, Asians, and other). Discharge date, mechanism of injury, and zip code were identified for each patient and were abstracted directly from the medical records.
Zip code level data on race, income, and foreign-born population were obtained from the 2000 US Census. Hospital discharge data were linked to census data by zip code of residence to estimate median income, percentage of Hispanic population for that zip code, and the percent foreign-born. Rates were calculated using the National Center for Health Statistics Bridged Population dataset.
Analysis
Univariate statistics were generated, describing the demographics of the finger replantation patients in NC during the study period. Frequency and incidence rates of finger replantations were calculated for the NC population for years 2004 -2006 . Descriptive variable categories included gender (male/female), age (0 -19, 20 -29, 30 -39, 40 -49, 50 -59, 60 -69, 70ϩ years old), foreign-born status by zip code (density above/below state average), race/ethnicity by zip code (density of Hispanics above/below state average), estimated median income by zip code (above/below state average). The 2 test was used to test for association between income level, ethnicity, foreign-born status (each categorized as less than or greater than the state average), and day-ofweek on amputation and replantation rates.
RESULTS
The study included 556 admissions for finger and thumb amputations that occurred in NC during 2004 -2006 (Table 1) . Three-year finger amputation rates among the underlying 8,676,534 person NC population were estimated at 21.3 amputations per million ( Table 1 ). The mean patient age was 40.8 years. The age distribution of patients admitted for amputation injuries is shown in Figure. 1. Eight-six percent of the patients were male and 14% were female. The distribution by zip code included 37% of the patients living in the areas with the density of Hispanic population larger than state average; 32% of the patients living in the areas with the density of foreign-born individuals larger than state average; 66% of the patients living in the areas with less than state average income.
After stratification by gender and age, hospitalizations for finger amputations were more common among men (86%) and younger people than among women and older people (Figs. 1, 2) . Young people in the 20 to 29 age group were at the highest risk of amputation injury (25%). Admissions for amputations were more common during weekdays with the highest frequency on Tuesday, Wednesday, and Thursday (Fig. 3) . Figure 4 lists the top 6 mechanisms of finger amputation injury. Industrial machinery use was the most common mechanism of injury responsible for 46% of hospital admissions for finger amputations (Fig.  4) . Replantations were performed in 89 cases (16%). Zip code level data from the 2000 US Census were obtained for 473 finger amputation injury admissions. Table 2 shows the cumulative replantation and amputation number and rate distribution by migrant status, ethnicity, and average income.
DISCUSSION
Finger amputation injury is a common and devastating injury that may cause significant psychologic distress, permanent disability, and loss of work to the individual, and poses a huge direct and indirect financial burden on patients and society. 7,9 -12,16 In this article we report that finger amputation injury is a common work-related injury in NC. From 2004 to 2006, we retrospectively identified and analyzed 556 inpatient admissions for finger and thumb amputations. Replantation was performed in a minority of cases (16%) and was not associated with race, immigrant status, or average income.
Previous studies reported that finger amputation injury commonly occurs in the work setting, with significantly higher frequency in young males. 8, 11, 12, 14, 15 Similarly, the findings of this study showed that finger amputation in NC was most common on weekdays, among working-age men, and as a result of industrial machinery, suggesting that work-related injury was the primary cause.
Multiple studies confirm that the growing immigrant population in the US is at the increased risk for occupational injuries and illnesses. [1] [2] [3] Previous studies showed that low socioeconomic status and language barrier in immigrant populations were associated with adverse health outcomes. 20, 21 The results of our study did not support our hypothesis that immigrants were less likely to receive aggressive surgical treatment for a hand injury. In fact, the rate of replantation appeared to be higher in zip codes with a higher density of Hispanics and with a higher density of immigrants. We found no association between amputation frequency and the density of Hispanics, the density of immigrants, or socioeconomic status.
We believe that our measured rates of amputation are underestimates and that the rates of replantation are overestimates, for several reasons. Case identification based upon hospitalization for The results of the current study were based on patients admitted to the hospital for finger amputation injuries and did not include those treated in emergency departments, in outpatient clinics or physician offices, and patients receiving no medical treatment. Immigrants have limited access to health care, 20, 22, 23 often rely on self-treatment of injuries, 24 and are reluctant to use health services if doing so interferes with their employment. 23, 25 Undocumented immigrants may have been reluctant to seek medical care to avoid detection by the authorities. 20, 23 Additionally, the actual individual patient race, immigrant status, and income were not known. The Hispanic population in this study included persons who may not have been immigrants. Zip code-level data on race, income, and immigrant status may not have reflected individual patient characteristics.
Many immigrants work in informal work arrangements, move between jobs, do not speak the dominant language or are otherwise difficult to study with standard epidemiological tools. 2, 22 Although zip-code level data has been used successfully as a proxy for race and immigrant status, its use in NC may have been limited by a relatively homogeneous distribution of racial/ethnic groups across the state.
In summary, the rates of occupational injuries are significantly higher in immigrant workers in the US, yet are probably underestimated. Immigrant populations are difficult to study, and targeted epidemiological tools and appropriate study designs are necessary to obtain reliable data. The impact of socioeconomic factors on management of finger amputation injury remains unclear. More data on injury that includes racial/ethnic, social, and economic information will be critical to understand the true burden of injury on immigrants. More research is needed to understand finger amputation and hand injuries as a major public health issue. 
